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Abstract

Task analysis to specify the physical demands of work is expensive in
terms of manpower skills, equipment, and time. Job analysis methods to
identify tasks that should be subject to detailed task analysis are an
important part of any strategy to specify physical demands criteria for joos.
This paper reports research comparing two sets of task inventory rating scales
used to identify important, physically demanding tasks. The physical demand
scales are Perceived Physical Effort, which is part of Physical Abilities
Analysis, and Physical Strength and Endurance, a scale developed by the US Air
Force. Two scales assessing Consequences of Inadequate Performance were also
used. The scales were administered to large samples from two Australian Army
employment groups. Scale reliabilities and task rank order intercorrelations
are reported and implications for the scales' future use are discussed. (u'A )

o /

The findings and views expressed in this paper are the result of the
author's research studies and are not to be taken as the official opinion of
the Department of Defence (Army Office).



This research arose from the Australian Army's need to soecify the
ohysical demands of Army jobs. A rigorous methodology was required, but it
had to take into consideration the need for (a) economy of resources in the
setting of criteria, (b) the limiteO time available for the testing of
cersonnel as part of the process of allocating recruits to trades, and (c) the
availability of physical capacity test(s) related to job criteria.

A literature search (Collyer & James, 1985) indicated that a range of
approaches have been employed by other researchers, but as Campiom (1983)
points out, most approaches can be categorized as: (a) measures of metabolic

4i reouirements, (b) measures of strength requirements, or (c) measures of
multiple physical abilities.

Measurement of metabolic requirements involves "physiological" measures
like those of oxygen uptake or heart rate during task performance. Oxygen
uptake measures can be made by collecting and analysing expired oxygen using a
Douglas Bag (Astrand & Rodahl, 1977), or Kofranyi-Michaelis gas meter
(Consolazio, 1971). Measures of heart rate are an indirect method cf
zrsoictlrg oxvcen ccnsumction because they are linearly related "jlthin =n

* ict-ai (,t=rro & Rnyming, 1954). Alchouch these metacojic metncds are
the mcst accurate, they are cumbersome to administer anc require expensive
instrumentation and trained personnel. These latter three characteristics are
undesirable in a method for large scale implementation.

Measures of strength requirements rely on assessments of weights lifted,
heights to which they are lifted, and distances carried. A variety of methods
are available for the assessment of human strength, but they all utilize one
of three muscle contractions: (a) isometric, (b) isotonic, or (c) isokinetic.
Isometric strength is relatively easy to measure accurately using practical
standardized methods, and some researchers (e.g., Chaffin, 1975) recommend its

Iuse, although care must be exercised when doing so since isometric (also known
as static) strength is not perfectly correlated with the other strengths.
Research (Ayoub, et al. 1982; Hogan, Ogden, Gebhardt, & Fleishman, 1979;
Sharp, et al. 1980) has shown that approximately 90 percent of tasks that are
physically demanding are so because of weights lifted and carried. The focus
of these findings on strength, combined with the practicalities of measuring
isometric strength, offered hope of a practical, economic method for Army use.

Measures of multiple physical abilities involve assessment of such
characteristics as strength, stamina, body flexibility, and balance. Physical
Abilities Analysis (Fleishman & Hogan, 1978; Myers, Gebhardt, & Fleishman,
1980a; 1980b) is a major example of this technique. It involves experienced
job personnel making judgments about task demands using nine specific fitness
scales and one general effort scale. The scales have been empirically derived
from correlational studies and require little training or equipment to
administer. The economy of using these rating scales was attractive, but
selection tests to assess all the abilities measured by Physical Abilities
Analysis were expected to be more complex than would be the case if measures
of strength alone were utilized.

Each method has advantages and disadvantages, but each is a form of task
analysis that is designed to be applied to specific tasks. Most jobs consist
of a multitude of tasks, and most analyses are conducted to develop selection
criteria to be applied to job types rather than to individual jobs or
positions. These job types often involve hundreds or even thousands of tasks.
Regardless of which form of task analysis is employed, job analysis to
identify tasks which should be analysed in detail is an important preliminary
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to the specification of onysical demands criteria, aitncucn tne form of icc
analysis must take tne type of task analysis into account. T)is paper
ziscusses a me:nod of 4oc anaivss t-az 7as ceen usec ftor t7is rcse.

Methods of job anal-/sis that include assessment of physical demands are
availaole. Examples are the Position Analysis Questionnaire (MicCormick,
Jeanneret and iiecham, 1959), Functicnal Joo Analysis (Fine and Wiley, 1971)
and Physical Abilities Analysis (Fleisnman and Hogan, 1975). Another joo
analysis method that orovides jetaileo information is tne task inventory
survey metnod paired wiLn tne Ccmprehensive Occupational Data Analysis
Programs analysis package (TiiCOiDAP).

The Australian Army has used this method of joo analysis since 1975.
TI/COLAP was considered to meet two requirements of the research, those of

rigorous methodology and economy. It provides an economical way to obtain job
cask data from large numbers of workers in diverse locations. The
information, ootained from job incumbents and/or supervisors, is detailed,
quantifiable data that can be manipulated by CODAP to provide a wide range of
group job descriptions. Because the data are quantifiable they can be
validated, and the ceneral methodology is supported by a large body of sound
researcm (se ' -, Ia, I %, f cr 3 x aMe,

Tne T7/CCOAP joo analysis uses survey questionnaires administered oy
mail. The main components of these questionnaires are a task inventory,
listing all significant tasks in the employments surveyed, and task rating
scales. Experienced supervisors use the scales to rate task characteristics
such as the amount of training emphasis that should be given in formal
training, or the consequences of inadequate performance of a task. Task
rating scales such as these have been researched and used extensively overseas
(e.g., Christal, 1974; Jansen, 1982) and in Australia (e.g., limited
distribution occupational analysis reports within the Department of Defence),
but there was no Australian research using scales of physical demand. Prior
experience had shown that task rating scales used successfully overseas did
not necessarily work for the Australian Army (e.g., the Training Emphasis
scale). This was usually because of the diverse nature of Australian
employments. It was decided to select and pilot scales that seemed to
identify physically demanding tasks to determine their appropriateness to the
Australian situation.

The literature search had identified two main streams of research that
offered promise of suitable task rating scales. The first was work
originating from the US Air Force (who were the original developers of the
TI/CUDAP method). The second was Physical Abilities Analysis, already
mentioned as a form of task analysis. Scales from these research areas were
selected.

US Air force research reported by Gott and Alley (1980) showed that a ten
point rating scale (0 to 9) could be used to elicit reliable ratings of
physical strength and endurance. Reliability was assessed using the Lindquist
(1953) method of intraclass correlation. This reliability is in itself a form
of convergent validity, and other validity studies were underway, so the scale
was selected for trial. The Physical Strength and Endurance (PSE) scale was
modified to provide metric measures of weight and height, and to combine the
two lower categories, thus making a nine-point scale anchored at each point
(see Appendix 1). This modification was necessary because the version of
CUDAP on line in the Department of Defence was unable to distinguish between
"X" and "l" as scale ratings. The "X" for "No knowledge of task requirement"
was considered necessary to the research, and the distinction between the "0" I
and "1" scale point definitions was not vital to the research objectives.
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::nvsia" Aoilities Analysis comprises ten scales. Nine of these scales
assess specific aoiities (Static Strenotn, Jynamic .itrengch, Cxpiosije

Coordination, and Equilibrium). WIhilst these scales have oeen snown to nave
good reliability and validity (Hogan; et al. 1979; ',yers, et al. 1980;
198Cb), this same research has shown the tenth scale, Perceived Physical
Effort (PPE), to nave good reliaoility and validity (i.e., it correlates
hignly with the specific scales and with actual metaoolic costs) in
identifying ;nysically demanding tasks. Use of the full ten scales for each
Army emoloyment group was seen as a major underzaking and one which would 0e

setter avoided if possible. Because of the good reports on tne PPE scale, it
was selected for research and comparison with the PSE one.

necause it is not a reasonable prooosition to use tasks which are not
important as criterion tasks oy whicn job demands are specifiec, a measure of
the consequences of inadequate performance of tasks was incorporated into tne
research. Two Consequences of Inadequate Performance scales were selected.
Ectn scales assess the same task characteristics, but one (CIP-9) is a nine-
point scale anchored at each point to oair with the nine-coint PSE scale and
t-e other IP-.7) is a seven-ooint scale ancnored at the mid-ooint ano
extremities to Pair with tne seven-point PoE scale.

A ccmorehensive job analysis as proposed, wnile being a relative]y
economical way to obtain job data from a large number of workers, is still
time consuming in that it requires experienced workers to spend between two
and three hours completing the questionnaire. Determination of optimum sample
sizes can provide substantial savings in time whilst retaining the reliability
and validity of the results. This research incorporated a number of checks to
aid in determining optimum sample size. Samples were from employments
selected to provide a substantial range of variables representative of normal
Army employments, and were expected to provide a rigorous evaluation by
comparison of reliability coefficients and rank order correlations of task
mean ratings for sub-samples. Rank order correlations were used because sets
of critical, demanding tasks were to be selected for task analysis. The
scales were not required to specify actual task demands in terms of weights,
heights, distances, or aerobic demand, even though one scale used actual
weights and heights as scale-point definitions.

This paper reports research undertaken to evaluate the two pairs of task
rating scales, PSE/CIP-9 and PPE/CIP-7, as scales that can be used to identify
important, physically demanding tasks for detailed task analysis. In addition
to assessing the suitability of the scales, the research also sought to
identify optimum sample sizes for the job analysis. Although the job analysis
method used was TI/COOAP, which is not commonly available, the rating scales
and procedures are ones that can be used with other analysis packages.

flethod

Samples

Developing samples for surveys of this type is a matter of experience and
judgment. The aim is to select samples that are representative of the range
of work performed and the conditions under which it is performed. To evaluate
a level of confidence in the results, it is necessary to quantify the
agreement between raters. The Lindquist (1953) method of assessing interrater
agreement was used. Experience in Australia and research overseas (e.g.,
Jansen, 1982) has shown that, depending on the homogeneity of the employment,
a suitable level of interrater agreement can be obtained using 30 to 50
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! raters. rer -ne ernc:,rencs are rcrgeneo~s 'i.. , ave a large o -e:-~

of co types, C71s snculd ce intercreteo as 30 to o0 raters cer ma or

cirferent rating policies exist. because many Australian Army employments are
heteroceneous cy comoarison to LS Forces' ones (where tne selected scales were
cevelopeo), it was necessary to select samples that would enable assessment of
tne scales with heterogeneous employment groups

t. The sampling strategy employed was a purposive one. It was oesigreo to
coctain as many experienced raters as possioie up to at least 4i in eacn
identified major analysis variaole (although in some cases it was not possible
to obtain 40 raters). In addition to these considerations, the sa,-oie
selected was larger than normally considered necessary for good quality
information so that the data could still be used if unforeseen variables were
later identified, Two employment groups were selected for sampling, the
venicle mechanics and tne driving trades.

Vehicle mechanics. A target sample of 314 venicle mechanics was selected
for survey. This employment was cnosen because it is a technical emoloymen:
with a wide range of work and work conditions. Venicle mechanics co all types
cfmechanical recairs ard maintenance on venicles ranging _r m = nnt" vehicles

(e.g., staff cars and motor cycles) to heavy tanks, tank transporters, earth
movers, and docksioe cranes. There are two main types of repair work, case
repair, where major and minor repairs are conducted on all types of vehicles
in tase workshops, and field repair, where major or minor repairs are
conducted on all types of vehicles using equipment at hand in the field or in
mobile workshops. Field repair work is subject to the vagaries of both weather
and combat movement. These two types of repair work provide two major
variables, with base repair units being generalized as Non Field Force Command
units and field repair units as Field Force Command ones. Previous
occupational analysis studies have shown this employment group to be
homogeneous with respect to tasks performed (Healy, 1984) but the varying
equipment and work conditions were expected to provide more variability for
this type of study.

The sample included all vehicle mechanic Sergeants, Staff Sergeants and
Warrant Gfficers, and some experienced Corporals. The two pairs of survey
scales were allocated randomly among the sample. The returned questionnaires
(the actual sample) represented 87.6 percent of the intended sample, and there
were 145 PSE/CIP-9 questionnaires and 130 PPE/CIP-7 ones.

Driving trades. From a population of 1951 drivers, 950 were selected for
survey (the intended sample). The driver's employment group includes operators
of specialist vehicles and transport supervisors, as well as drivers of trucks
and staff cars across a number of Corps. In some Corps there were few
drivers, in others many. Drivers from five Corps (Artillery, Infantry,
Signals, Engineers and Transport) were selected for sampling because they were
considered to be representative of drivers' work. This was seen as a
heterogeneous group and one where it was known that some drivers had
difficulty in coping with the physical demands of some tasks.

The sample was selected to obtain representation of trade and Corps and
also of unit type (i.e., Field Force Command or Non Field Force Command).
Corps and unit type were the major variables. The two pairs of rating scales
were randomly allocated among the sample. A total of 365 PSE/CIP-9
questionnaires and 349 PPE/CIP-7 ones were processed (the actual sample).
These represented 77.2 percent and 73.2 percent of the target sample
respectively, and 36.6 percent of the Driving Trades population.
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2 arel raters. £ecause Z:t a...s SJrveVs are :ime c=nsumirg o
-. nscar arO :aKe .es-n-7e

- , s rrr,, :e r, he2CKs Jere inzCr.craC t

rescurces. The task. iventories jere :eveiceo y panels cf experiencea
workers cescriceo in t-e next section) and one oneck was to arrange for t nese
p anel memoers to orovioce taSK ratin'gs using one PHE scale for cotn emplcyment
groLps, and tne 7.P-S scale for one group. Lt uas not Cossitle to test tre
ODIE/:-'P7 scales in onis -ay cecause of a sncrtage of time a toe completion
c-,cf tne in'ventory oevelocment panels. These canel memoers, uno were consicered
tc e KncwleOganie raters, ,ad ust ccmslezec rcr TO ve ays analysing the
employments &no their ratings ere to ce coricarec t one major sample rai-gs
rctained later in the research. These ratings, 7or tne vehicle mecnanics,
were also compared to the panel members' own ratings (using tne same scales)
ootaineo wuring the major survey (zest-retest reiiaoiliy). Seven panel
members provided ratings on PSE and UP-9 for the vehicle mecnanics
:4uestionnaire both as experienced panel raters aro as raters during the main
survey. Fourteen panel members provided ratings as experienced panel raters
For the driving trades questionnaire.

Ourvey questionnaires. Four survey Questionnaires were constructec, Ui.n
one task inventory and set of backgrounu information questions and two pairs
of task rating scales per employment group. Previous job analyses had
provided joo task data which were held as part of the ,-ilitary Employments
Data Bank. Existing task inventories from this data bank were used as the
basis for experienced panels. Panel members, representing different areas of
the employment, updated and restructured the inventories under the guidance of
a trained inventory developer. Inventory development procedures were normal
Army occupational analysis ones as detailed in Standing Operating Procedures
for the Mlilitary Employments Research and Information Team (1962). Equivalent
results can be obtained by following the procedures contained in Archer and
Frucnter (1963). dackground information questions, survey instructions, and
rating scales were added later. The final questionnaire for the vehicle
mechanics contained 501 tasks and 15 background information questions. Tne
driving trades questionnaira contained 349 tasks and 17 background information
questions.

Ratinq scales. Two pairs of rating scales were employed. Physical
Strength and Endurance paired with the nine-point Consequences of Inadequate
Performance scale, and Perceived Physical Effort paired with the seven-point

Consequences of Inadequate Performance scale.

Physical Strength and Endurance (PSE) is defined as involving sigr Ficant
use of the "large" muscle groups in the arms, back, or legs. These include
requirements for lifting, lowering, or carrying heavy or cumbersome objects,
pushing or pulling, torquing, or any other demand for frequent or continuous
exertion or muscular effort. Raters were told to make their ratings on the
basis of (a) the most demanding aspects of each task, (b) the level of demand
placed on a single individual performing the task, and (c) the level of demand
required oy the complete task from start to finish (Appendix 1-2). The scale
has nine points, with anchor points described in terms of weights, heights, or
equivalent muscular effort. Raters are given the opportunity to indicate with
an "X" if they feel they do not know enough about the task requirements to
provide a rating.

i" .

""I



zerceivc Z:hysical Er'ort "PPE) is CeFineo as -he 7e, re = z-

ex etcn exoeriencec in performinr c single task or Fres :as~ s3 :a! -a eC2 c; ,s-_Z< 3: --- r . -,3

ann tcwards tne upoer end AIppenoix 2). These examule zasKs are lccatec orn
tne scale according to the relative metabolic cost of tneir -erformance.
Raers were askec tc rate now much much effort it takzes to :erForm eacn tasi.

'cnsequences of Inadeouate Performance C!P) is a -easure of th'e
seriousness of orooaoie consequences resultinc frcm a task not ceino er:rneo
adequateli. it is defineo in terms o' procatie in'ury 3r ceatn, --iure to
acco'm .on a criticai mission, castec suo ies, camacec equi;ment, an: asteu
hours or work. Two CIP scales were selected. £acn scale measures tne same
cnaracteristic. The. differences between them are tnat one is a nine-coint
scale 'C P-9) anchored at each coint, to pair with tne nine-coint PSE scale
,isee _~enc~x .... 2)3, tne otner is a seven-point scale (UP-7) anchorec at tie G
mi-pcinrt arn the extremities to 7air with tn, seven-point POE scale (see
Aopenoix 4). The seven-point scale uses examole taSKS to nel cefine scale-

2oint ancncrs.

Durvey aoministration. ne surveys were conoucteo cy mail using nominatec

officers within units to administer them. Lataileo instructions for

. comoleting the surveys were included in the questionnaire booklets and were

supplemented oy administrative instructions to the administering officers.
Raters were instructed to rate all tasks using their total military
experience, not just the situation in their present unit. After rating the
tasks, respondents completed the background information questions and sealed
the booklet in an envelope addressed to the project team. This was handed to
the administering officer for return to Canberra. There was no requirement
for booklets to be completed in the presence of the administering officer.
These administrative arrangements were normal for Army occupational analysis
surveys and most respondents had probably completed a survey booklet at some
time in their career.

Results and Discussion

Scale Transformations

Since each survey respondent can have a personal assessment of what is
f"average" and rate according to that assessment when using the CIP scales,
CIP-9 and CIP-7 were treated as relative scales. The PPE scale was also
treated as a relative scale since it was judgeo that most raters would fix a
frame of reference of "effort" within which to rate tasks. Ratings for these
three scales were standardized to a mean of five ano a standard deviation of
one. This is a standard option available as part of the CODAP analysis
system. because the wording of the anchor points for the PSE scale made
reference to specific weights and heights, it was judged to be an absolute
scale and therefore unsuited for standardization.

N Interrater Reliability.

Interrater reliability statistics used were based on the Lindquist (1953)
method of intraclass correlation as applied using the CWAP HEXALL program.
Two indices of reliability are normally reported by REXALL, and a third has
been calculated. The first, R11 , is the single rater reliability, which
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apcroximates the average of all possiole oairwise correlaticns. The second,
Rkk, is the reliability for a sample of K raters, wnicn is the expectec
..re.. n cetsen t-e set -o coservec S7Cl: o a_ sear e task -ea-s
of an hypothetical equivalent sample. If calculated R and R, values meet
or exceed .20 and .90 respectivelyj they are interoretec as meaning tnat
sufficient rater agreement exists to produce staole estimates of task mean
values (see Jansen (1982) and Goody (1976) for more detaileo discussions on
the use of REXALL). Sample size is also an important consideration in
assessing interrater reliability, especially in evaluating causes of poor
agreement. Experience has shown that between 30 and 40 raters per analysis
category can be expected to give reliaole results. 6ecause sub-sample sizes
vary greatly in this research, the Spearman-drown prophecy fnrmula, wnich
algebraically describes the relationship between sample size and interrater
reliability, was used to calculate a standard Rkk for a sample size of k=50
raters.

interrater agreement results are summarized for the vehicle mechanics
sample in Table 1 ant for the driving traces sample in Taoie 2. Comparison of
R and Rk results against the desirable criteria of .20 and .90 (Jensen,

respectively indicate that results for the tc!.al raling set on all
scales were very good for the vehicle mnecnanics, snowing :re close agreement
oetween supervisors as to which tasks were important and wnicn ones were
physically demanding. The reliability results for the driving trades were
also satisfactory, though the R11 values tended to be lower than those for the
vehicle mechanics. These figures for the drivers reflect the more diverse
nature of that employment group, but all values are satisfactory. It is also
noteworthy that the R and R values for the panel raters of both surveys
showed good agreement, as did the values calculated for the vehicle mechanic
panel members' ratings from the actual survey. It was not possible to collect
survey data for the driving trades oanel members during the actual survey.

Table 1

Interrater Reliability -- Vehicle Mechanics

CATEGORY SCALE R11 Rkk R50 50  k

All raters PSE .52 .99 .98 134
CIP-9 .41 .99 .97 134
PPE .62 .99 .99 122
CIP-7 .45 .99 .98 122

FF Comd raters PSE .53 .98 .98 50
CIP-9 .42 .97 .97 50

PPE .65 .99 .99 42
CIP-7 .47 .97 .96 42

Non FF Comd raters PSE .52 .99 .98 83
CIP-9 .40 .98 .97 84
PPE .60 .99 .99 80
CIP-7 .44 .98 .97 80

Experienced panel PSE .56 .90 .98 7
CIP-9 .46 .85 .98 7

Panel/survey PSE .67 .93 .99 7
CIP-9 .48 .86 .98 7
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!nterrater Reliability -- Driving Trades

CATEGORY SCALES R11 R 5so k

All raters PSE .36 .99 .97 261
CIP-9 .26 .99 .95 260
PPE .42 . 9 .97 260
CIP-7 .27 .99 .95 260

FF Como raters PSE .35 .99 .96 138
CIP-7 .21 .97 .93 144
PPE .40 .99 .97 134
CIP-7 .27 .98 .95 136

PNon FF Comd raters PSE .37 .99 .97 124
C!P-9 .28 .98 .95 126

.27 .5 .125

Corps I raters PSE .38 .99 .i7 145
CIP-9 .28 .98 .95 146
PPE .45 .99 .98 144
CIP-7 .28 .98 .95 144

Corps 2 raters PSE .39 .96 .97 34
CIP-9 .26 .92 .95 34
PPE .39 .96 .97 34

CIP-7 .21 .91 .93 36

Corps 3 raters PSE .35 .96 .97 41
CIP-9 .22 .91 .93 38
PPE .38 .96 .97 38
CIP-7 .23 .92 .94 39

Corps 4 raters PSE .31 .92 .96 26
CIP-9 .25 .89 .94 26
PPE .40 .96 .97 32
CIP-7 .33 .94 .96 33

Corps 5 raters PSE .33 .89 .96 17
CIP-9 .28 .88 .95 18
PPE .38 .89 .97 12
CIP-7 .26 .82 .95 13

Experienced panel PSE .61 .94 .99 14

0

The interrater reliability statistics indicate that personnel experienced

in the employments surveyed can agree closely on which tasks are physically
demanding and which ones are nnt. They can also agree which tasks are
important and which ones are not when considered in relation to unit mission,
safety, or loss/damage to stores. This agreement holds for all raters and for
sub-groups by Corps or type of Command for each of the four scales. Use of
the Spearman-Brown prophecy formula indicates that, should an occupational
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analysis survey be conducted using any of these scales, reliable results can
oe exceczed oy surveying approximacely 50 experienced trade personnel. This

*cemonstrates a ccrsideracle saving in staff time, and in joe incumbent time
required to complete survey questionnaires. Time -er Person to complete tnese
questionnaires was typically between two and three nours. The high interrater
reliability results from the panel members ratings suggest that this set of
task means may also be adequate for identifying tasks for task analysis. The
reliability results for k=50 raters are consistent with previous reports
(e.g., Jansen, 1982).

Bcale Intercorrelations

Part of the survey aim was to compare how the pairs of rating scales
selected important physically demanding tasks for task analysis. To make tnis
comparison, the rank ordering of the tasks based on task mean ratings was
assessed for PSE versus PPE and CIP-9 versus CIP-7. Tables 3 to 5 reoort the
rank order intercorrelations for these comparisons. For the drivers,
correlations for the ratinus across the five Corps are summarized in Table 7.
All correlations are significant (P<.01).

Table 3

PSE/PPE Rank Order Intercorrelations -- Vehicle Mechanics

2 3 4 5 6 7 8

1. PSE all raters .99 1.0 .94 .95 .96 .96 .95
2. PSE FF Comd -- .98 .94 .96 .94 .94 .93
3. PSE Non FF Comd -- .93 .94 .96 .96 .96
4. PSE panel raters -- .95 .90 GO .89
5. PSE panel/survey -- .90 .90 .89
6. PPE all raters -- 1.0 1.0
7. PPE FF Comd -- 1.0
a. PPE Non FF Cord --

Table 4

CIP-9/CIP-7 Rank Order Intercorrelations -- Vehicle Mechanics

2 3 4 5 6 7 8

1. CIP-9 all raters .98 .99 .75 .89 .67 .95 .97
2. CIP-9 FF Comd -- .94 .81 .91 .97 .96 .95
3. CIP-9 Non FF Comd -- .70 .85 .95 .92 .96
4. CIP-9 panel raters -- .78 .78 .82 .76
5. CIP-9 panel/survey -- .88 .86 .87
6. CIP-7 all raters -- .98 .99
7. CIP-7 FF Comd -- .95
8. CIP-7 Non FF Comd --
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Table 5

CSE/PPE Rank Oroer Intercorrelations -- Drivin, Traces

-2 3 4 5 6 7

1. PSE all raters .82 1.0 .83 .93 .92 .94
2. PSE FF Comd -- .99 .82 .92 .92 .93
3. PSE Non FF Comd -- .83 .94 .93 .94
4. PSE panel raters -- .72 .71 .74
5. PPE all raters -- .99 .99
6. PPE FF Comd -- .98
7. PPE Non FF Comd

Table 6

C!P-9/CIP-7 Rank Order Intercorrelations -- Driving TraCes

2 3 4 5 5

1. CIP-9 all raters .99 .99 .97 .97 .97
2. CIP-9 FF Comd -- .96 .97 .97 .95
3. CIP-9 Non FF Comd -- .97 .96 .96
4. CIP-7 all raters -- .99 .99
5. CIP-? FF Comd -- .97
6. CIP-? Non FF Comd

Table 7

RanQe and Means for Rank Order Intercorrelations
of Four Task Factors Across Five Corps

MIN MAX MEAN

PSE .78 .96 .86
PPE .81 .94 .87
CIP-9 .79 .93 .86
CIP-7 .74 .94 .84

The scale intercorrelations show that the experienced raters agreed
closely which tasks were physically demanding and which ones were not, whether
they used the PSE scale or the PPE one. High agreement was also evident for
the CIP-9 and CIP-7 scales. These results suggest that essentially the same
job analysis results may be obtainable regardless of which pair of scales are
used. This is discussed in more detail later in this paper. The high
intercorrelations between the sub-samples selected by major variables (i.e.,
Corps and unit type) were expected (although not mandatory) once the high
interrater reliability statistics had been calculated for the sub-samples.
The high rank order correlations between the panel members' ratings and those
of the main survey suggest that, under certain circumstances, the main survey
may not be required. These circumstances are also discussed later.
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cale Vaibities

Although a high level of agreement exists between raters using both pairs
of scales, there were some differences in the way the scales identified tasks,
and in order to report these it is necessary to look briefly at the selection
zf tasks for analysis, and some results of that task analysis. This will give
an incication of the validity of the physical demands scales for identifying
tasks for task analysis.

Tasks were sorted in order of task mean ratings and categorized using the
following decisic.i rules: Firstly, those tasks with a mean rating greater than
the grand (overall) mean plus one standard deviation on the physical demands
scales were considered as potential tasks for task analysis; secondly, these

Cs tasks were categorized using the CIP mean ratings so that those tasks with
means greater than the grand mean plus one standard deviation were included on
a tco priority task analysis list, and so on for lessor CIP categories.

Structured task analysis interviews using a fcrmat modified from Ayoub,
at al. (1982) were conducted to identify precisely what mace these important
tasks -nvs -a!v emard;. ---acts were iaetif'iec rnc estimates f' weims

.20, oistarcas o;Jects were movec, and forces (e.a., torcues', oush, oJll)
appiiec were obtained. Objects were also weigned ano technical manuals
checked for heights and torques. Estimates of frequency of task performance
were also obtained. Part of these interviews involved seeking to identify
physically demanding tasks which were not included in the list of tasks for
task analysis. Although a few were proffered in the interviews, a check
invariably showed that these had been included in the original job analysis
and had not been on the task analysis list because mean ratings had been too
low. No new tasks with significant physical demands were identified,
indicating that the job analysis using both these physical demands scales and
this method of selecting tasks had been quite adequate.

The choice of physical demands scale had several effects on the set of
tasks identified by the task selection criteria. If the PPE scale was used,
more tasks were considered to be physically demanding than by selecting with
the PSE scale. But the PPE scale identified all significant tasks identified
by the PSE one. Inspection of the tasks indicates that this appears to occur

Ibecause raters using the PSE scale identify tasks largely on the basis of the
weights (and possibly the height) specified in the scale anchor points. The
"OR an equivalent demand for frequent or continuous muscular effort" part of
the definitions appears to have less influence, although the "stamina" tasks
(e.g., "drive cross-country in convoy" , which is mentally and physically
demanding but requiring more stamina than strength), did appear further down
the ranked list of physically demanding tasks. An alternative explanation may
be that the PSE scale discriminates between strength and stamina better than
does the PPE one, and that the stamina tasks really are less physically
demanding. Assessment of metabolic cost in task performance would need to be
conducted to determine if this alternative is true, but Ayoub, et al. (1982),
using the PSE scale, Hogan, et al. (1979), using the PPE scale, and Sharp, et
al. (1980), using actual metabolic cost, all found that about 90 percent of
physically demanding tasks are so because weights lifted and carried. Also,
the PPE scale is linked to metabolic cost via its development and the example
tasks on the scale. This is an area that could be subject to more research.
In practice, there is little problem in selecting "weight" tasks from the
tasks identified by these job analysis procedures, so either scale would have
served the purpose.
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A further factor to emerge from tne cask analysis interviews is that
h-7ose interviewee :learl orefarreo tne *s-essily this .as oecause

the PSE scale makes it clear, by using soecific weights and heights, what the
rating frame of reference should be; inereas the PPE scale is less clearly
defined for these raters. This would suggest more face and content validity
for the PSE scale than for tne PPE one.

Imolications for Future Job Analvses

This research suggests tnat the joo analysis to identify important
physically demanding tasks can be done satisfactorily using either pairs of
scales. Scale reliabilities are good, there are high rank order correlations
between the two physical demands scales and the two importance ones, and the
task analysis failed to identify any significant physically oemanding tasks
not identified oy the job analysis procedures.

Although these job analysis methods would be practical regardless of the
task analysis methods used (i.e., metabolic cost, strength, or multiple
ohvsical abilities), cc selection criteria that focus on strength could te

osiidcn -a~ zsis :r -seeac : _2d scun tne coniiance _r
strength requirements in 7erforming 2nysicall/ cemanding tasks. Use at suc7
criteria offers economy of resources needeo in selection testing and in
conducting job analysis. Measurement of strength is far simpler than the
measurement of stamina, and job analysis could focus on weights lifted and
carried. If strength oriented task analysis procedures are selected (and thus
concentrate on weights lifted and carried), then the PSE scale appears to
offer advantages over the PPE one. It focuses rater attention on those
characteristics by virtue of its scale point definitions; raters felt more
comfortable using the PSE scale; and there were fewer tasks in the group
selected for task analysis because the PSE scale tended to exclude "stamina"
type tasks.

Regardless of which set of scales are selected for use, this research
offers some very significant (and cost reducing). implications for the design
of the job analysis. Reliability statistics from this research show very good
results not only for large samples, but also for quite small ones.
Satisfactory reliability coefficients were obtained for all scales from a
sample size of k=50 raters. Since two to three hours of work time are saved
for each worker not required to complete a survey questionnaire booklet, this
can mean many man-years of work saved by applying these findings.

The high correlation between the panel members' ratings and those of the
main survey on the PSE/CIP-9 scales, and the high reliability results for the
panel ratings, suggest that the job analysis may be undertaken by using the
experienced panel to develop a task inventory and to rate the tasks using the
selected scales. (Although the PPE/CIP-7 scales were not tested in this way,
their high correlations with PSE/CIP-9 suggest they would provide acceptable
results.) If the interrater reliability results from the panel members is
acceptable, these could be used to identify tasks for task analysis, thus
saving the resources required for the survey. If the panel ratings do not
demonstrate acceptable reliability, then a survey of approximately 50
experienced workers could be conducted. An alternative to the survey may be
to vary the criteria used for selecting tasks for task analysis. One way to
do this would be to accept the ratings for those tasks that show high
rater agreement, and select more apparently high demand (but also high rater
variance) tasks for task analysis. Put another way, the job analysis is to
ensure a complete coverage of the employment via the task inventory. The task
ratings are to target the use of labour, skill and equipment intensive
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resources, and where there is more variance in the task ratings than is
desirable, some compensation can be made by subjecting more tasks to task

* aralysis. :t is estimated that the successful application of the *rocedures
described in this paragraph would save about ten man-years of Army project
*staff work if they were to be applied to the setting of physical demands
criteria for Army jobs. Many man-years of worker time would also be saved.

SI
48
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Aopendix I-I

Physical Strer th arc E7-2n --

Scale Point Description of Effort

0 - No Significant Physical Demand -- Corresponding requirement would
include periodic lifting of 9 lbs or less -- includes most
administrative and clerical tasks.

I - Extremely Light -- Corresponding requirement would incluoe periodic
lifting of 10 - 19 lbs to a height of 5 ft OR an equivalent demand
for frequent or continuous muscular effort.

2 - Very Light -- Corresponding requirement would include periodic
lifting 20 - 29 lbs to a height of 5 ft OR an equivalent demand for

frequent or continuous muscular effort.

3 - Light -- Corresponding requirement would include periodic lifting of
30 - 39 los to a height of 5 ft OR an equivalent demand for frequent
or rontintcus muscular effort.

4 - Light to Moderate -- Corresponding requirement would include
periodic lifting of 40 - 49 lbs to a height of 5 ft OR an equivalent
demand for frequent or continuous muscular effort.

5 - Moderate -- Corresponding requirement would include periodic lifting
of 50 - 59 lbs to a height of 5 ft OR an equivalent demand for
frequent or continuous muscular effort.

6 - Moderate to Heavy -- Corresponding requirement would include
periodic lifting of 60 - 69 lbs to a height of 5 ft OR an equivalent
demand for frequent or continuous muscular effort.

7 - Heavy -- Corresponding requirement would include periodic lifting of
70 - 79 lbs to a height of 5 ft OR an equivalent demand for frequent
or continuous muscular effort.

8 - Very Heavy -- Corresponding requirement would include periodic
lifting of 80 - 89 lbs to a height of 5 ft OR an equivalent demand
for frequent or continuous muscular effort.

9 - Extremely Heavy -- Corresponding requirement would include periodic
lifting of 90 lbs or more to a height of 5 ft OR an equivalent
demand for frequent or continuous muscular effort.

X - No knowledge of task requirement.

Iv
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Acc-renc-x 1-2,

PHYSICAL STRENGTH AND E&DURAJCE

This scale is a measure of physical strength and endurance. Physical
strength and endurance are defined as involving significant use of the 0large'
muscle groups in the arms, back or legs. These would include requirements for
lifting, lowering or carrying heavy or cumbersome objects, pushing or pulling,
torquing or any other demand for frequent or continuous exertion or muscular
effort.

Remember, make your ratings on the basis of:

a. The most demanding aspects of each trade.
b. The level of demand placed on a single individual performing the

task, and
c. The level of demand required by the complete task from start to

finish.

- C'E OR EXTREPELY L7GHT PHYSICAL DEMAND - Corresponding requirement
woulo include periodic lifting of 5 kilos (71 ibs) or less -

includes most clerical and administrative tasks.

2- VERY LIGHT - Corresponding requirement would include periodic
lifting of 5 - 10 kilos (11 - 22 lbs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

3 - LIGHT - Corresponding requirement would include periodic lifting of
10 - 15 kilos (22 - 33 lbs) to a height of 1.5 metres OR and
equivalent demand for frequent or continuous muscular effort.

4 - LIGHT TO MODERATE - Corresponding requirement would include periodic
lifting of 15 - 20 kilos (33 -44 lbs) to a height of 1.5 metres OR G
an equivalent demand for frequent or continuous muscular effort.

5 - MODERATE - Corresponding requirement would include periodic lifting
of 20 - 25 kilos (44 - 55 lbs) to a height of 1.5 metres OR an
equivalent demand for frequent or continuous muscular effort.

6 - MODERATE TO HEAVY - Corresponding requirement would include periodic
lifting of 25 - 30 kilos (55 - 66 lbs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

7 - HEAVY - Corresponding requirement would include periodic lifting of
30 - 35 kilos (66 - 77 Ibs) to a height of 1.5 metres OR an
equivalent demand for frequent or continuous muscular effort.

8- VERY HEAVY - Corresponding requirement would include periodic
lifting of 35 - 40 kilos (77 - 88 lbs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

9 - EXTREMELY HEAVY - Corresponding requirement would include periodic
lifting of more than 40 kilos (88 lbs) to a height of 1.5 metres OR
an equivalent demand for frequent or continuous muscular effort.

X - No knowledge of task requirement.
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Acoenoix 2

This is the oegree of physical exertion exoerienced in performing a
single task or a series of tasks.

Recuires Extensive 7.
Physical Exertion

Operate a jackhammer
6.

-erfcorm light telding

2.

Sit at a desk using a hand
Requires Little 1. calculator
Physical Effort

Using the 7-point scale, please rate how much Effort it takes to perform
each task.

1
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mc;:er,ix 3

CONSEQUENCES 'F Ti'ADEQUATE PERF0RMANCE

T'--is scale is a measure of the seriousness of prooaoie conseauences of
:racequate zerformance o- an activity. It is cefined in terms of
rcaee injury or deatn, to accomolish a critical mission,
astec supolies, camaged equi-ment, and wasteo man-hours of work.

1 - EXTREM1ELY LOW CONSEQUENCES (neglible effect on people, equipment,
mission)

2 - LOU CONSEQUENCES

- ____ BEL Li' LO CNEU-11-EVt

'S'
4 - SG!E ,HAT CBE-LOW A'UERAGE L-1,,4SE LbENCES

5 - AVERAGE CONSEQUENCES

6 -SOMEWHAT ABOVE AVERAGE CONSEQUENCES

7 - WELL ABOVE AVERAGE CONSEQUENCES

8 - HIGH CONSEQUENCES

9 - EXTREMELY HIGH CONSEQUENCES (may result in injury, death, serious
damage to equipment, or failure to accomplish a critical mission).4'
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Apcendix -4

E ,SEUEOS OF NADEUATh PERFORMANCE

This scale is a measure of the seriousness of orobable consequences of
,iaequate performance of a 4oo. t is defined in terms possible injury or
ceacn, -asted supplies, d.amaged equipment, and wasted man-iours of work. The
lc. k is to be rated on a scale from I (Least Serious Consequences of

raoecuate Derformance) to 7 (',lost Serious Consequences of :nadequate
Performance.; with intermediate levels defined as follows:

jhat will happen if the job is inadequately performed?

7. EIost serious consequences (eg cneck

parachute rigging prior to personnel drop).

4. Moderately serious consequences (e.g., prepare

ammunition for destruction).

3.

2.

1. -Least serious consequences (eg fold hospital
linen).

Using the 7-point scale, please rate wnat will happen if the task is
\.. inadequately performed.

.7



dons


